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All of the theories set forth to 
explain the onset of the immune 
response have either a selective or 
an instructional basis. Each of these 
general theories has been exten-
sively refined, thereby creating a 
large variety of auxiliary versions. 
According to the selective theory, 
genetic diversity preexists among 
the immature immunocytes, which 
commits each of them to the pro-
duction of a specific antibody. The 
role of the antigen is to activate 
particular dedicated clones of cells 
to proliferate. All of the antibody 
elicited by an antigenic stimulation 
will be produced by the members 
of these clones and their descend-
ants. There are two implications 
of this theory which are subject 
to experimentation. One is that 
antibody can be formed without 
antigen. The second proposes that 
each cell is genetically restricted 
to the synthesis of one or a few 
kinds of specific antibody. 
According to the instructive 
theory, all of the immature im-
munocytes are genetically homo-
geneous, and they are induced by 
the antigen to make specific anti-
body. The instructive theory holds 
that no antibody is made in the 
absence of antigenic stimulation 
and that the immature immuno-
cytes are totipotent. 
In our experiments designed to 
uncover the genetic and biochemi-
cal bases for the onset of the im-
mune response, we have accepted 
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the premise that antibody formation 
does not violate the principles of 
comparative genetics and com-
parative biochemistry. We have as-
sumed, therefore, that antibody 
specificity is controlled by deoxyri-
bonucleic acid (DNA) and that 
its synthesis is mediated by messen-
ger ribonucleic acid (mRNA) which 
is affixed to ribosomes. 
In order to avoid any misunder-
standing of the terms used in this 
discussion, I will define three 
crucial phrases. The primary im-
mune response is an animal's 
immune response to its first con-
tact with antigen, which usually 
occurs long before the first inten-
tional stimulation with an antigen . 
Early antibody is operationally 
defined as the antibody formed 
during the first few days after an 
initial intentional antigenic stimula-
tion. Late antibody is operationally 
defined as that which is formed 
after repeated antigenic stimulation 
or that formed more than one week 
after injection of a large, but not 
massive, amount of antigen. 
In our studies on the primary 
immune response, we have used 
germfree, colostrum-deprived swine 
taken three to five days prematurely 
by hysterectomy. These piglets Jack 
gamma globulin until they are im-
munized. Upon antigenic stimula-
tion, early macroglobulin antibody 
is produced within 48 hours; sub-
sequently late euglobulin antibody 
is produced. Our results have led 
me to formulate a new instructive 
model for the onset of antibody 
formation. 
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Phage-Neutralization Assay 
The assay for antibody activity 
used primarily, but not exclusively, 
has been the neutralization of a 
bacteriophage. We have worked 
mostly with actinophage MSP2 and 
MSPS, which can be readily puri-
fied and reliably enumerated as 
plaque-forming units (Bradley, 
1968). Jn the phage-neutralization 
assay, sera from normal or im-
mune animals are first heated to 
56 C for 30 minutes, because the 
neutralization of actinophages is 
not complement dependent. Next, 
appropriate dilutions of the actino-
phage and serum are mixed and 
incubated together for varying 
periods, after which the number of 
surviving plaque-forming units is 
enumerated (Bradley and Watson , 
1963). The resulting data reflect the 
rate of inactivation of the actino-
phage. Accordingly, the neutraliz-
ing potency of a serum is expressed 
as the first order rate constant k 
(Adams, 1959). The constant k is 
calculated from the following for-
mula : 
k = 2 .3.Q log Po 
T P , 
where D is the dilution factor, T 
is time in minutes, Po is the original 
number of viable phages present, 
and p , is the number of surviving 
phages at time T. The use of the 
k value is limited by the fact that it 
is an expression for a first order 
reaction, but neutralization of a 
virus is not a first order reaction. 
Nevertheless, the k value provides 
a certain basis for comparing the 
potencies of various sera or serum 
fractions . 
Immunologic Status of 
Normal Animals 
The source of normal antibody is 
a critical issue in an evaluation of 
the selective and instructive models 
for the onset of the immune re-
sponse. As stated earlier, the selec-
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tive theory holds that the antibody 
in the serum of normal animals is 
made by the genetically committed 
clones of immunocytes, whereas 
the instructional theory advocates 
that this antibody is made as a 
result of prior contact with the 
antigen. Immunologists have tried 
to resolve this question by a variety 
of approaches. Muschel , Jackson 
and Schmoker (1966), for example, 
have reported that induced antibody 
formation is inhibited by actinomy-
cin D , but that normal antibody 
snythesis is resistant to this inhibi-
tor of DNA-dependent mRNA syn-
thesis. These workers suggested that 
normal antibody may be formed 
on a stable mRNA, whereas in-
duced antibody is made on an un-
stable mRNA. Their experiments 
wi th actinomycin D are subject to 
several limitations, one of which is 
that the therapeutic dose is essen-
tially the same as the toxic dose. 
More importantly, most experi-
ments concerned with suppression 
of the normal antibody content of 
sera have not drawn samples be-
yond the eighth day after treat-
ment with an immunosuppressive 
agent. It must be recognized that 
the half-life of normal antibody is 
about five days. Since many of the 
assays used cannot reliably detect 
a 50 % reduction in normal anti-
body activity, some of the earlier 
studies could not possibly have 
detected a significant decrease in 
the normal ant ibody concentration 
within one week . 
We have examined the effects 
of three immunosuppressive drugs 
on the normal and induced immune 
responses . The drugs chosen were 
actinomycin D , cyclophosphamide 
and uracil mustard; the immuno-
suppressive drugs were given daily 
to inbred mice for as long as 30 
days. Actinomycin D was the least 
effective inhibitor of the immune 
response of the three drugs tested. 
In fact , actinomycin D delays the 
immune response and does not 
appreciably decrease the maximum 
titer ultimately achieved (Wust, 
Gall and Novelli , 1964). Our ob-
servations on the effect of actino-
mycin D on normal antibody for-
mation are entirely in accord with 
the results on induced antibody. 
At first the level of normal anti-
body drops after actinomycin D is 
administered. The decrease in anti-
body titer probably reflects : (a) the 
temporary inhibition of new syn-
thesis; and (b) the decay of pre-
formed normal antibody. Eventu-
ally, normal antibody synthesis 
returns to the original rate and the 
normal antibody titers are restored 
to the control values, where they 
remain until the animals become 
debilitated. 
Our data indicate that uracil 
mustard causes a release of anti-
body stored in immunocompetent 
cells due to its cytotoxic action. 
Thereafter, the concentration of 
circulating normal antibody de-
creases for about a week. Later on 
the normal antibody titers return to 
control values, perhaps because the 
animals have developed increased 
ability to metabolize or excrete the 
drug. Similarly, the induced im-
mune response is reduced after five 
days of treatment but is nearly nor-
mal after eight days of treatment. 
Cyclophosphamide causes a long 
lasting suppression of the induced 
TABLE 1 
Phage-Neutralizing Activities of Nor-
mal Sera 
Animal k value 
man 0.05 
ox 0.02 
swine 0.02 
monkey 0.02 
dog 0.02 
sheep 0.01 
chicken 0.01 
horse 0.01 
mouse 0.01 
calf 0.005 
goat 0.005 
rabbit 0.005 
guinea pig 0.005 
newborn calf 0.0005 
fetal calf < 0.00001 
fetal swine <0.00001 
response. Of the three drugs used by 
us, only cyclophosphamide causes 
a prolonged depression of normal 
antibody titers. Accordingly, our 
experiments indicate that there is 
a good correlation between the 
effect of an immunosuppressive 
agent on the normal and the in-
duced immune responses. Although 
not definitive, our results support 
the view that induced ant ibody and 
normal antibody are made by the 
same cellular system. 
In order to pursue our studies 
on the true primary immune re-
sponse, we conducted a survey of 
the normal antibody contents in 
sera of a number of normal ani-
mals. All of the normal adult 
animal sera tested had demonstra-
ble amounts of phage-neutralizing 
activity (Table 1), and all had rather 
substantial amounts of gamma glob-
ulin. Notably, however, fetal calf 
and fetal swine sera both lacked 
measurable phage-neutra lizing ac-
tivity and detectable gamma glob-
ulin. For our further studies on 
the onset of the immune response, 
we could have chosen either the 
fetal calf or fetal swine. It is for-
tunate for us that the Hormel In-
stitute in Minnesota has developed 
a disease-free miniature swine 
(Dettmers, Remple and Comstock, 
1965) . These pathogen-free ani-
mals are housed indoors and are 
fed a relatively constant diet 
(Young, Underdahl and Hinz, 
1955). Most of our recent work on 
the primary immune response has 
been carried out with the miniature 
swine from the Hormel Institute. 
Normal Antibody in Swine 
Adult swine and conventionally 
farrowed piglets contain phage-
neutralizing activity and detectable 
amounts of gamma globulin. In 
fact, the serum from a neonatal 
piglet fed colostrum contains more 
antibody activity per unit volume 
than sow serum. Fortunately, the 
fetal pig is separated from the 
maternal circulation by a placenta 
composed of many cell layers . It is 
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a definite barrier preventing the pas-
sage of large molecules from the 
sow to the fetus and, of course, 
from the fetus to the sow. The 
serum of a piglet taken by hysterec-
tomy three to five days prior to 
term contains no measurable phage-
neutralizing activity or gamma 
globulin. However, the colostrum-
deprived, germfree piglet fed a 
diet of cow's milk, eggs and min-
erals develops phage-neutralizing 
activity and gamma globulin within 
two weeks. Colostrum-deprived 
germfree piglets fed a hypoaller-
genic diet developed gamma globu-
lin and phage-neutralizing activity 
after three weeeks. The amount of 
normal antibody in the serum two 
weeks after delivery is greatest in 
the conventionally farrowed animal 
fed a complex diet and is least in 
the hysterectomy-taken piglet de-
prived of colostrum, kept germfree 
and fed a hypoallergenic diet. The 
colostrum-deprived germfree piglet 
fed a complex diet has an inter-
mediate level of normal antibody. 
Clearly the concentration of normal 
antibody in the piglet serum is pro-
portional to the extent of the ani-
mal's exposure to foreign polymers. 
Of the first 23 sows that we ex-
amined, the sera from all of them 
contained demonstrable amounts of 
normal antibody . Of 56 piglets 
taken by hysterectomy, one pos-
sessed detectable gamma globulin 
and phage-neutralizing activity. The 
piglet containing normal antibody 
was taken by hysterectomy in the 
same ster ile isolator that had pre-
viously been used for a sow hy-
perimmunized with actinophage. 
Although the isolator had been 
washed between operations, ma-
ternal blood from the first sow 
could be seen inside the hood. 
These piglets are remarkable ani-
mals; as soon as they are removed 
from the extraembryonic mem-
branes and the umbilicus is clamped 
and severed, they run about the 
isolator ingesting anything in sight. 
In this instance, the piglet appar-
ently consumed sufficient blood 
from the preceding sow to give 
it measurable circulating antibody. 
Subsequently, we have been aware 
of the exquisite ability of these 
piglets to adsorb orally adminis-
tered antibody; therefore, we have 
exercised great care in denying 
them access to maternal blood or 
tissue. Among the next 40 piglets 
taken by hysterectomy, not one 
contained detectable antibody. It is 
significant that piglets from sows 
hyperimmunized with actinophage 
MSP2 did not contain either gam-
ma globulin or phage-neutralizing 
activity, whereas piglets from sows 
that had been immunized with 
bacterial endotoxin, with or with-
out another antigen, contained 
both gamma globulin and phage-
neutralizing activity. This means 
that a sow which contracts an in-
fection with a gram-negative bac-
terium during pregnancy will de-
velop a faulty placenta that allows 
antigens and antibody to enter the 
fetal circulation. Our work, there-
fore, has been critically dependent 
upon the supply of piglet litters 
from the disease-free herd at the 
Hormel Institute. These experi-
ments could not be carried out 
with field-reared swine. 
Immune Response of Piglets 
The placenta of the healthy sow 
is a tremendously effective barrier. 
The phage-neutralizing activity of 
the serum from a hyperimmunized 
sow may have a k value in excess 
of 1,000, whereas the phage-neu-
tralizing activity in the serum of 
a piglet taken by hysterectomy is 
less than 0.00001. Concentration of 
the piglet serum twentyfold still re-
vealed neither gamma globulin. nor 
any phage-neutralizing activity. 
Moreover, piglets taken by hyster-
ectomy, deprived of colostrum and 
kept germfree and antigen-free for 
four days, did not develop phage-
neutralizing activity or detectable 
amounts of gamma globulin. The 
antigen-free (unfed) piglet must 
be fed on day four if the experi-
ment is to continue. As noted ear-
lier, piglets fed a hypoallergenic 
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diet produce minute amounts of 
antibody after several weeks. When 
these piglets are injected with ac-
tinophage MSP2 on the day of 
hysterectomy, they produce phage-
neutralizing activity and gamma 
globulin within 48 hours. The co-
lostrum-deprived, germfree piglet 
is immunologically competent. 
These experiments constitute a di-
rect test of Jerne's selective theory 
of antibody formation. Jerne pro-
posed that antibody formation was 
elicited by an immune aggregate 
formed by the reaction of an anti-
gen with normal antibody (Jerne, 
1955) . Our data are contrary to 
Jerne's early clonal selection theory. 
Characterization of Swine 
Antibodies 
Mercaptoethanol has become ac-
cepted as a means of differentiating 
between early and late antibody 
(Deutsch and Morton, 1958). The 
phage-neutralizing activity in nor-
mal sow serum was 88 % destroyed 
by mercaptoethanol; the early anti-
body from an immunized sow was 
65 % destroyed by mercaptoetha-
nol. Late antibody from a hyperim-
munized sow, however, was unaf-
fected by mercaptoethanol. Anti-
body from a 6-day-old, germfree 
immunized piglet was 90% inac-
tivated by mercaptoethanol, where-
as the antibody collected 44 days 
after antigenic stimulation was not 
affected by mercaptoethanol. It is 
permissible, therefore, to equate 
mercaptoethanol sensitivity with 
early antibody and resistance to 
mercaptoethanol with late antibody. 
We also subjected the various 
sera to diethylaminoethyl-cellulose 
(DEAE-cellulose) elution chroma-
tography. DEAE-cellulose chroma-
tography separates swine serum 
proteins into five fractions. The 
first fraction contains gamma-2 
globulin and some beta globulin; 
fraction two contains beta globu-
lins; fraction three contains albu-
min, alpha globulins and some beta 
globulin; fraction four contains 
alpha globulins, beta globulins, al-
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bumin and gamma-1 globulins ; and 
the fifth fraction contains a variety 
of nondescript residual material 
(Kim, Bradley and Watson, 1964). 
Obviously, this method is rather 
poor as a general technique for 
whole serum fractionation, but it 
does give essentially complete sepa-
ration of the two gamma globulin 
fractions. 
The phage-neutralizing activity 
in normal sow serum is found 
almost exclusively in fraction four. 
The early antibody activity from an 
immunized sow is mostly in frac-
tion four , but significant phage-
neutralizing activity is seen in frac-
tion one. Late antibody activity 
from a hyperimmunized sow is 
mostly in the first fraction through 
DEAE-cellulose. The antibody ac-
tivity from a 6-day-old germfree 
immunized piglet is a ll in fraction 
four. Accordingly, we can equate 
DEAE-cellulose fraction four with 
mercaptoethanol-sensitive early 
antibody and DEAE-cellulose frac-
tion one with mercaptoethanol-
resistant late antibody. In addition 
we have separated the early and 
late antibody classes by gel filtra-
tion with Sephadex 200 and have 
determined their molecular weights 
from their sedimentation velocities 
in the analytical centrifuge. The 
early antibody has an Sc'Ow value of 
6.6 and a molecular weight of 
170,000 daltons, whereas the late 
antibody has an S20 "' value of 18.5 
and a molecular weight of 900,000 
daltons (Kim, Bradley and Wat-
son, 1968) . 
Early Antibody in the Piglet 
It was noted earlier that piglets 
taken by hysterectomy, deprived of 
colostrum and kept germfree pro-
duced measurable phage-neutraliz-
ing activity and detectable amounts 
of gamma globulin within 48 hours 
after antigenic stimulation. During 
subsequent days following immuni-
zation, the sera of these piglets con-
tained increasing amounts of phage-
neutralizing activity and gamma 
globulin. The first antibody found 
after antigenic stimulation was 
mercaptoethanol-sensitive, was 
eluted in fraction four from DEAE-
cellulose, and had an S-value of 
approximately 19 and a molecular 
weight of 900,000. Later on mer-
captoethanol-resistant antibody hav-
ing an S-value of seven and a mo-
lecular weight of 170,000 was 
formed. One of our most significant 
findings has been that swine 19S 
early antibody and 7S late antibody 
give a strong line of identity in agar 
gel double diffusion plates with rab-
bit anti-sow serum in the center 
well. Moreover, the antigenically 
identical 7S IgG antibody and 19S 
IgG antibody are distinctly different 
from IgM globulin (,82M-globulin). 
This differentiation between 19S 
IgG early antibody and 19S IgM 
globulin is emphasized by the for-
tunate fact that piglets do not make 
l 9S IgM globulin until about two 
weeks of age, whereas 19S IgG can 
be induced in observable amounts 
in only two days (Kim, Bradley 
and Watson, 1966b). Phylogenetic 
confirmation of our demonstration 
of the identity of 7S IgG and 19S 
IgG antibodies in the mouse and 
swine has been provided by Suran, 
Tarail and Papermaster ( 1967). 
They have shown that the 7S and 
17S immunoglobulins of the leop-
ard shark appear identical when 
tested with rabbit anti-shark serum, 
whereas the heavy and light chains 
derived from the 7S and 17S im-
munoglobulins are indistinguishable 
when tested with this serum. 
Antigenic Competition 
The selective theory of antibody 
synthesis holds that the immuno-
cytes are partitioned into dedicated 
clones with restricted · capability to 
produce antibody. The role of the 
antigen, therefore, is to select for 
cells genetically determined to 
make particular specific antibody 
molecules. If multiple antigens are 
presented simultaneously, different 
clones of immunocytes should be 
selected; hence, the immune re-
sponse to each antigen should be 
the same, whether the antigen is 
presented alone or in combination 
with other antigens. Experimentally, 
the antigenic stimuli must not rep-
resent maximum challenges that 
thrust the animal to the limit of its 
ability to make protein; otherwise, 
the amounts of specific antibodies 
elicited by multiple antigens will be 
restricted by the supply of protein 
precursors and biosynthetic cofac-
tors. 
Accordingly, piglets were chal-
lenged with single and multiple 
antigens at doses that did not elicit 
maximal antibody responses. Pig-
lets given only actinophage MSP2 
produced tenfold more phage-neu-
tralizing antibody than piglets si-
multaneously challenged with ac-
tinophage MSP2, bovine serum 
albumin and Escherichia coli 08 
(Kim, Bradley and Watson, 
1966a) . There is competition be-
tween these antigens, and it is not 
at the level of the ability of the ani-
mals to make protein. These results 
are consistent wi th the instructive 
theory wherein all of the uncom-
mitted immunocytes are genetically 
homogeneous and equally able to 
react with any presented antigen. 
Structure of 75 lgG 
lmmunoglobulin 
In order to compose an instruc-
tive theory of antibody formation 
that is consistent with modern bio-
chemical genetics, it is first neces-
sary to consider the structure of the 
antibody molecule. Since the first 
antibody produced during the true 
primary immune response is the 
19S lgG immunoglobulin, it is this 
molecular entity that is our primary 
concern. Unfortunately, though, lit-
tle is known about 19S lgG im-
munoglobulin, because most prep-
arations have contained substantial 
amounts of the related, but dis-
tinctly different 19S IgM protein. 
Accordingly, we must use 7S lgG 
immunoglobulin as the model pro-
tein. The 7S antibody molecule 
consists of two identical halves 
linked together by two disulfide 
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bonds between the heavy (H) 
chains (Waxdal, Konigsberg and 
Edelman, 1967). Each half-mol-
ecule consists of a light (L) chain 
and an H-chain, which are also 
linked by disulfide bonds (Fig. 1). 
The L-chain can be subdivided 
into a variable portion (the amino-
terminal half) and an invari-
ant portion (the carboxyl-terminal 
half) . Actually, a given immuno-
globulin molecule contains one 
of two alternative invariant seg-
ments, which are the basis of 
the antigenic classification into 
kappa L-chains or lambda L-chains 
(Putnam et al., 1967) . The allo-
typic markers, In v of the kappa L-
chain and Oz of the lambda L-
chain, represent the only known 
differences in their respective in-
variant segments. 
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Intact 7S IgG antibody is cleaved 
by papain to give an invariant 
fragment, called Fe, of the H-chain 
and a fragment, Fab, which con-
sists of an L-chain paired with the 
amino-terminal end of an H-chain. 
This latter H-chain fragment is des-
ignated Fd. Tentative analyses in-
dicate that part of the Fd portion 
of the H-chain is variable like the 
amino-terminal end of the L-chain 
(Cebra, 1967; Press and Piggot, 
1967). The carboxyl-terminal end 
of the H-chain, that is, the Fe frag-
ment, is associated with a number 
of important biological activities, 
such as complement fixation, abil-
ity to fix to tissues, ability to cross 
fetal membranes, reaction with pro-
tein A from Staphylococcus aureus 
and immunogenicity for species-
specific, anti-IgG antibody (Sjoquist 
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Fig. I-Model of the 7S lgG immunoglobulin molecule. 
et al., 1967). The antigen-binding 
capability of the 7S lgG molecule 
is confined to the Fab portion of 
the molecule. 
mRNA-Selection Theory 
The following proposal for the 
mechanism controlling the onset of 
the immune response is highly 
speculative. Accordingly, minimum 
effort has been made to justify 
particular steps in the scheme. 
An antigen injected into an ani-
mal is cleared from the blood in 
50 to 100 hours by physiological 
mechanisms and immune processes. 
Antigen is taken up by a number 
of tissues and is retained for a long 
MACROPHAGE 
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~~ 
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time, sequestered in the niches and 
crevices of the spleen and testes, 
even though there are substantial 
levels of circulating antibody. In 
order for a foreign substance to be 
immunogenic, it must be partially 
degraded to release antigenic deter-
minants (Campbell and Garvey, 
1963). If the foreign substance is 
not degradable, or if it is com-
pletely degraded quickly, then it is 
not immunogenic. A complex anti-
gen, therefore, is ingested by a 
phagocyte (a macrophage) and 
broken down into several frag-
ments, each containing a hapten 
or determinant group. Supposedly, 
these determinants are coupled 
with mRNA molecules that code 
PLASMA CELL 
Fig. 2-Diagrammatic representation of an instructional theory of antibody 
formation based upon the selective aggregation of specific mRNA molecules 
·coding for the amino-terminal ends of the L-chain and the Fd fragment around 
an antigenic determinant. 
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for the Fe portion of the lgG 
molecule. Next, the determinant-
mRNA (Fe) is transferred to an 
immature plasma cell. 
In the immature plasma cell, 
there are loci concerned with the 
synthesis of: (a) the carboxyl-
terminal portion of the Fd frag-
ment; (b) the carboxyl-terminal 
portion of the L-chain; and ( c) 
the amino-terminal portions of the 
L-chain and the Fd fragment. The 
Fe fragment, the carboxyl-terminal 
portion of the Fd fragment and the 
carboxyl-terminal portion of the 
L-chain make up the characteristic 
structure of the IgG protein, but the 
antigen-binding specificity resides 
in the amino-terminal portions of 
the L-chain and the Fd fragment. 
The fundamental premise of the 
present theory is that the specificity 
of lgG is determined by the specific 
order of two protein subunits com-
prising the amino-terminal ends of 
the Fab fragment. These subunits 
are presumed to be homologous 
polypeptides, coded for by a finite 
number of structural genes. As few 
as 30 such genes would code for 
230 or 109 antibody specificities. It 
is significant that two possibly iden-
tical lambda L-chains have already 
been encountered in mouse mye-
loma protein (Appella and Perham, 
1967), a highly improbable event 
according to the clonal selection 
theory, but a reasonable expecta-
tion according to the present pro-
posal. All of the genes controlling 
each of the three segments of the 
lgG protein would produce their 
corresponding mRNA molecules. 
Each of the mRNA molecules de-
termining the amino-terminal por-
tions of the L-chain and the Fd-
fragment is released from the DNA. 
Each of these mRNA molecules ini-
tiates the synthesis of its specific 
polypeptide. The cytoplasm of the 
immature plasma cell now contains 
an antigenic determinant coupled 
to the mRNA for the Fe fragment 
and about 20 specific mRNA-
peptides. There is evidence that the 
individual chains of the lgG im-
munoglobulin can each combine 
with the corresponding hapten, so 
it is reasonable to propose that the 
appropriate polypeptides of the 
mRNA-polypeptide complex would 
be able to react with the antigenic 
determinant of the determinant-
mRNA (Fe) complex. Those 
polypeptide-mRNA complexes that 
do not fit the antigenic determinant 
will remain free in the cytoplasm 
of the plasma cell. In this manner, 
two mRNA molecules coding for 
unique, antigen-specific polypeptide 
sequences are brought together. 
Now the mRNA molecules control-
ling the carboxyl-terminal portions 
of the Fd fragment and the L-chain 
are arranged about this nascent 
antibody-forming focus (Fig. 2). 
The H -chain mRNA subunits and 
the L-chain mRNA subunits are 
joined, ribosomes become attached 
to the two completed mRNA mol-
ecules, and each initiates synthesis 
of its component of the IgG im-
munoglobulin (Askonas and Wil-
liamson, 1967) . 
In view of inadequate informa-
tion about the exact structure of 
the 19S IgG early antibody, it is 
not possible to refine the descrip-
tion of the initial antibody-form-
ing site. If the cell, producing anti-
body in response to a primary 
antigenic stimulation, is exposed to 
additional antigen, it may undergo 
allergic death, liberating the penta-
valent or hexavalent 19S lgG pro-
tein aggregate. Later on, the anti-
body-producing cell will develop a 
secretory system which will pump 
out bivalent 7S IgG immunoglobu-
lin. Present evidence indicates that 
the carbohydrate component of the 
IgG molecule has a role in the se-
cretion of the immunoglobulin 
(Kern and Swenson, 1967); this 
biochemical event may be corre-
lated with cytologic differentiation 
of the maturing plasma cell. 
Concl usions 
Although I started out a number 
of years ago to devise experiments 
that would test and hopefully defi-
nitely establish the correctness of 
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the selective theory of antibody 
formation, our experimental find-
ings have led me to propose an in-
structional theory wherein the anti-
gen selects for particular mRNA 
molecules to form an antibody-
forming site. 
Three lines of evidence have led 
to this conclusion. Most impor-
tantly, the germfree, antigen-free, 
colostrum-deprived piglet taken by 
hysterectomy does not make de-
tectable amounts of gamma glob-
ulin . All selective theories cur-
rently provide for gamma globulin 
synthesis in the absence of anti-
genic stimulation. Moreover, there 
is competition between antigens at 
levels below the point where the 
animal's ability to make protein is 
stressed. According to the clonal 
selection theory, there should be 
no competition under these condi-
tions, because genetically different 
populations are being selected. All 
tests that attempt to distinguish be-
tween the synthetic mechanism of 
early, late and normal antibodies, 
including studies using immunosup-
pressive drugs, have failed to dis-
cover any differentiating features. 
It is especially significant that 19S 
lgG and 7S IgG immunoglobulins 
are phylogenetically and ontogene-
tically related, strongly supporting 
the supposition that they are tran-
sitional forms of one another made 
by genetically related cellular lines. 
The present instructive model 
for the onset of the true primary 
immune response can also account 
for immunologic paralysis, or tol-
erance. Originally immunologic pa-
ralysis or nonresponsiveness was 
induced by injecting massive 
amounts of an antigen. Recently, 
however, it has been discovered 
that it is possible to induce paraly-
sis by injecting minute amounts of 
highly soluble material. It is easy to 
see how these small molecules 
could be taken up by plasma cells, 
where they bind to the polypeptide 
of the polypeptide-mRNA com-
plex (coding for the amino-termi-
nal ends of the Fd fragment and L-
chain). If there are enough of these 
paralysis-inducing small molecules, 
they will saturate all of the corre-
sponding polypeptide-mRNA com-
plexes, thereby preventing them 
from associating around an anti-
genic determinant-mRNA (Fe) that 
is presented at a later time. At the 
molecular level then, immunologic 
paralysis resembles the antigen-
excess portion of a quantitative 
precipitin assay. 
The present model explains im-
munologic memory by supposing 
that the antibody-forming sites, 
once organized, are rather stable and 
that they are inherited semiclonally 
in the absence of further antigenic 
stimulation. Additional antigen is 
required to make new antibody-
forming sites. In the anamnestic re-
sponse, the cells containing specific 
antibody-forming sites will start to 
proliferate and organize new anti-
body-forming sites. In addition, un-
committed plasma cells will also be 
induced to make specific antibody. 
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